Abstract: The salivary glands produce saliva, which helps keep the mouth and other parts of the digestive system moist. Mammals normally have major and minor salivary glands, and the major salivary glands are composed of three large salivary glands including the parotid, submandibular and sublingual glands. There have been many morphological studies of the submandibular glands of mammals. However, there have been only a few reports on the submandibular glands of opossums. The present study was a histological investigation into the morphology of the submandibular glands in the gray short-tailed opossum. Submandibular glands were obtained from three opossums. All specimens were fixed in 10% neutral formalin solution, and paraffin sections were made by usual methods. They were stained with hematoxylin and eosin, PAS-alcian blue pH 2.5 and mucicarmine.
Introduction
Oral cavity is continuously bathed by saliva secreted by the major and minor salivary glands 1) . In humans, the major salivary glands comprise the paired parotid, submandibular and sublingual glands, but in rats and mice, the submandibular and sublingual glands form a single structure currently called the submandibularsublingual complex, located in the ventral cervical region [1] [2] [3] . In the majority of higher animals including humans, the terminal portions of salivary glands, especially the submandibular and sublingual glands, are composed of both serous and mucous cells and hence are called a mixed gland 4) . Mammalian salivary glands mainly consisted of two epithelial cell types, acinar cells that secrete salivary fluid as well as most salivary proteins, and ductal cells that secrete some proteins and modify the ionic composition of the saliva as they convey it into the mouth 5) . Serous cells have been believed to located at the most distal end of the secretory end-pieces, surrounding a group of mucous cells like a cap, and this intriguing structure has been called crescent 4) . It is described that the demilunes as a structural landmark characterizing the mixed gland 6) . The serous demilunes has been accepted as a group of serous cells forming a basophilic cap at the terminal end of the mucous acinar cells 4) .
Three have been some studies on the oromaxillofacial region of the opossum 7-11) . There have been many studies about mammalian submandibular glands but there have been only a few reports of opossum, and these reports are those of different kinds of opossums [12] [13] [14] . The aim of the present study was to reveal the histological features of the submandibular glands in the gray shorttailed opossum.
Materials and Methods Materials
Samples of the submandibular glands were obtained from three gray short-tailed opossums (Monodelphis domestica) (female, 46 months old). The experimental protocol was approved by Nihon University Animal Care and Use Committee (Nos. AP09MD023, AP12MD015).
Methods

Light microscopy
Following fixation with 10% neutral formalin, the specimen was cut into several pieces and routine paraffin sections (4 μm) were made.
The sections were stained with hematoxylin and eosin (HE), combine periodic acid-Schiff reaction (PAS)-alcian blue (AB) at pH 2.5 and mucicarmine by the usual methods.
Results
Gross finding
Macroscopically, bilateral submandibular glands were located in the anterior neck spaces. In the specimen with the tongue and the floor of mouse, the submandibular glands were recognized at the posterior and inferior portion of the tongue (Fig. 1) .
Microscopic findings
Submandibular glands were composed of many lobules which were separated by thin fibrous septa (Fig. 2) . Submandibular glands consisted of seromucous secretory endpieces and the submandibular glands were mixed glands (Figs. 2, 3 ).
Myoepithelial cells having spindle shape were often recognized around the secretory endpieces. Striated ducts revealing basal striations and intercalated ducts were also observed. The serous acinar cells have a spherical nucleus locating at the center or the base of the cells (Fig. 3 ). These serous acinar cells have basophilic cytoplasm and numerous secretory granules (Fig. 3) . Their cytoplasm was partly stained with PAS (Fig. 4) . The mucous acinar cells have flattened or oval nucleus mostly located at the base of the cells (Fig. 3) . Their cytoplasm was pale-staining with hematoxylin, and stained with alcian blue and/or PAS and mucicarmine (Figs. 3-5). Some ducts and microvessels were also . These major salivary glands were made from many lobular structures 16) .
It is told that the parotid, sublingual and submandibular glands of mammals produce serous, mucous and mixed secretions, respectively 15) . It is well-known that the submandibular glands of human contain serous end pieces and mucous capped with serous demilunes; thus they are mixed glands 16) . 33, 34) , wallaby 35) , pig 36, 37) , goat 38) , bovine 39) . In these mammals, the secretory units of the submandibular glands except for all papers of koala 33, 34) and one report of rodents 2) consist of serous and mucous acinar cells, revealing the submandibular gland of almost of mammals are mixed gland. In these reports, it is told that the submandibular glands of koala and rodent were composed only of serous acinar In the present study, the submandibular glands were macroscopically existed in the anterior neck spaces beneath the skin. Microscopically, the submandibular glands were made from many lobules with thin fibrous septa. Furthermore, the present study revealed that the submandibular glands in the gray shorttailed opossums were composed of serous and mucous secretory acinar cells and they were mixed glands. Thus, the histological features on the gray short-tailed opossum are basically in accordance with previous mammals except for koala 33, 34) and rodent 2) .
Histochemically, it was well-known that epithelial mucous showed positive reaction to mucicarmine. Furthermore, it was reported that serous acinar cells revealed PAS positive reaction, and mucous acinar cells showed alcian blue pH 2.5 positive and/ or their mixture with PAS 11, 40) .
In the present study, serous and mucous acinar cells showed same reaction to PAS-AB pH2.5 staining, showing serous cells had PAS positive material corresponding to glycogen and mucous cells contained alcian blue pH 2.5 positive and/or their mixture with PAS corresponding to neutral and acid mucopolysaccarides.
Conclusively, the present study clearly demonstrated the characteristic morphological architectures of the submandibular glands of the gray short-tailed opossum and showed morphological accordance and difference of the submandibular glands among other mammals, suggesting there might be some differences of the morphology of the submandibular glands among the mammals. 
